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Inhibition of OTUB2 suppresses colorectal  
cancer cell growth by regulating β-Catenin signaling
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Abstract: In the effort to identify deubiquitinating enzymes required for the growth of colorectal cancer (CRC) cells, 
we found that OTUB2 knockdown markedly inhibited the viability of these cancer cells in culture and in xenografted 
mice. It was also found that the level of OTUB2 was elevated in primary CRCs, and its high expression was a poor 
prognostic indicator for the patients. Interestingly, immunoprecipitation and LC-MS/MS analyses suggested that 
β-Catenin was an OTUB2-interacting protein, and there was a positive correlation between OTUB2 and β-Catenin 
expression in both CRC tissues and cell lines. We then performed reciprocal co-immunoprecipitations and demon-
strated that OTUB2 and β-Catenin bound to each other. Enforced expression of OTUB2 decreased ubiquitination of 
β-Catenin and increased the half-life and intracellular level of β-Catenin, whereas the catalytic inactive OTUB2 did 
not. OTUB2 also enhanced β-Catenin-mediated transactivation as measured by TCF-luciferase and expression of 
endogenous CCND1 and MYC in CRC cells. These results indicated that OTUB2 was a potential target for therapeutic 
intervention for CRC.
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Introduction

Most biological processes of human body are 
controlled by the ubiquitination of proteins, and 
protein ubiquitination occurs through an elabo-
rate three-step enzymatic cascade mediated 
by ubiquitin-activating enzyme (E1), ubiquitin-
conjugating enzyme (E2) and ubiquitin ligase 
(E3) [1]. E1 activates the ubiquitin molecule 
through an ATP-dependent manner, then acti-
vated ubiquitin is transferred to an E2, and 
finally ubiquitin is ligated onto a specific sub-
strate protein with the effect of an E3 [2]. 
However, protein ubiquitination is reversible, 
and ubiquitin can be removed from the sub-
strate proteins by the effects of deubiquitinat-
ing enzymes (DUBs) [3]. DUBs, a key compo-

nent of the ubiquitin-proteasome system, are 
also very important for most cellular processes, 
such as cell cycle, proliferation, growth, migra-
tion and invasion, and targeting DUBs has been 
also shown potential in preclinical tumor treat-
ment [4]. Therefore, discovering functional 
DUBs in tumors is particularly important for the 
development of new anti-cancer drugs.

DUBs can be classified into major six distinct 
families, including ubiquitin-specific proteases 
(USPs), ovarian tumor-like proteases (OTUs), 
ubiquitin C-terminal hydrolases (UCHs), Ma- 
chado-Josephin disease proteases (MJDs), 
motif interacting with Ub-containing novel DUB 
family (MINDYs) and JAB1/MPN/MOV34 metal-
loenzymes (JAMMs) [5]. We recently performed 
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a high-content screening in colorectal cancer 
(CRC), and identified several functional DUBs, 
including OTU domain-containing ubiquitin 
aldehyde-binding protein 2 (OTUB2) [6]. OTUB2 
belongs to the OTU family proteins, and has a 
profound impact on regulating many biological 
events, including cellular antiviral responses, 
beta cell function, DNA repair, and signal trans-
duction [7, 8]. Recently, OTUB2 has been also 
reported to be involved in cancer development. 
OTUB2 was proven to be a key mediator of 
Hippo signaling by activating YAP/TAZ through 
its own SUMOylation, and promoted tumor 
metastasis [9]. OTUB2 was also reported to be 
upregulated in esophageal squamous cell car-
cinoma (ESCC), and promoted ESCC tumor 
development by regulating the protein expres-
sion of YAP/TAZ [10]. In non-small cell lung can-
cer (NSCLC), OTUB2 was also reported to  
stabilize U2AF2 protein, activate AKT/mTOR 
pathway and enhance the Warburg effect, 
which indicated that OTUB2 could be as a novel 
potential therapeutic target for the treatment 
of NSCLC [7].

β-Catenin is an adhesive junction protein that 
can regulate cell growth and intercellular adhe-
sion, and it is a key component of the Wnt/β-
Catenin signaling pathway [11]. The transcrip-
tion factors TCF/LEF can be activated by bind-
ing to β-Catenin and then promote target gen- 
es’ transcription, such as CCND1 and MYC [12]. 
In CRC, mutations of APC or β-Catenin can sta-
bilize β-Catenin, and the abnormal accumula-
tion of β-Catenin can ultimately lead to the 
development of tumors [13]. Therefore, to fur-
ther investigate the ubiquitination mechanism 
of β-Catenin is also important for the treatment 
of CRC.

In this study, we confirmed that OTUB2 was 
elevated in primary CRCs, and promoted the 
growth of CRC cells. We also found that OTUB2 
and β-Catenin bound to each other in CRC  
cells, and OTUB2 stabilized β-Catenin by reduc-
ing its poly-ubiquitination. Furthermore, the 
chemical compound I-BET726 was also found 
exert its anti-tumor activity by inhibiting OTUB2/
β-Catenin axis in CRC cells.

Methods

Cells, tissues and reagents

The CRC cell lines (HCT116, HT29, SW480, 
SW620 and SW948) were purchased from 

ATCC, Manassas, VA. HEK293T cell line was 
maintained in our laboratory. Cells were cul-
tured in DMEM medium (Hyclone) with 10% 
fetal bovine serum (Gibco), 100 U/ml penicillin 
and 100 μg/ml streptomycin (Beyotime, Beijing, 
China). 

Twenty pairs of primary CRC para-cancerous 
and cancerous tissues and the tissue arrays 
containing 169 CRC tumor tissues and paired 
para-cancerous tissues were collected from 
the Department of Colorectal Surgery, Xinhua 
Hospital, Shanghai Jiaotong University School 
of Medicine, Shanghai, China. The collection 
and use of the human tissues were approved 
by the Ethics Committee of Xinhua Hospital and 
informed consent was obtained for all the col-
lections. Wnt3a was purchased from Sigma-
Aldrich, St. Louis, MO. I-BET726 and puromy- 
cin were obtained from Selleck Chemicals, 
Houston, Texas, USA.

High-content screening

High-content screening was performed as 
described previously [6]. In brief, HCT116 cells 
with GFP were constructed by lentivirus, and 
then HCT116-GFP cells were infected with  
lentivirus-delivered shRNAs against 20 DUBs 
(including OTUB2, USP1, USP5, USP7, USP15, 
USP3, OTUD4, Mpnd, USP24, USP21, USP33, 
PAN2, USP9X, USP34, USP6, USP29, CYLD, 
UCHL5, OTUD7B and USP32) [6]. To ensure the 
efficiency of gene interference, three RNA inter-
ference targets were designed for each gene, 
and three plasmids carrying different targets 
were mixed in equal proportions for lentivirus 
packaging. Then, cell photography and count-
ing were conducted by Celigo® Image Cytome- 
ter at indicated times, and growth curves were 
drawn in cells. 

Preparation of lentivirus-delivered shRNAs, 
lentiviral infection

The negative (shNC) and lentivirus-deliver- 
ed shRNAs against OTUB2 (shOTUB2) were  
synthesized by GeneChem, Shanghai, China. 
The target sequences for shOTUB2 were  
as follows: 5’-CATCCCACTACAACATCCTTT-3’  
(shOTUB2#1), 5’-CGAGATGGATACCGCCCTGAA- 
3’ (shOTUB2#2) and 5’-TGTGGTGGAACTGGT- 
AGAGAA-3’ (shOTUB2#3). The shRNAs and 
packaging plasmids were co-transfected into 
HEK293T cells to produce the lentivirus, and 
the viral particles were prepared following the 
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manufacturer’s protocol (GeneChem, Shanghai, 
China). 

The lentiviral particles containing shNC, shO-
TUB2#1 and shOTUB2#2 were then used to 
infect HCT116 or SW480 cells. Following two 
rounds of puromycin selection, the survival 
cells were considered stable-expressing cells, 
and the efficacy of OTUB2 knockdown was veri-
fied by western blot analysis.

Western blot analysis

Western blot was carried out as previously 
reported [14]. In brief, cells were lysed by using 
RIPA lysis buffer (Beyotime, Beijing, China), and 
total protein was extracted for following  
SDS-PAGE analysis. The primary antibodies 
against Myc-tag and Flag-tag were received 
from Medical & Biological Laboratories, Tokyo, 
Japan. Anti-β-Catenin and anti-phospho-β-
Catenin (Ser675) antibodies were purchased 
from Cell Signaling Technology, Danvers, MA. 
The primary antibody against ubiquitin (Ub) was 
purchased from Santa Cruz Biotechnology, 
Santa Cruz, CA. The anti-OTUB2 antibody was 
bought from Absin, Shanghai, China, and the 
anti-GAPDH antibody was bought from Pro- 
teintech Group, Wuhan, China. HRP-labeled 
Goat Anti-Mouse IgG (H+L) and HRP-labeled 
Goat Anti-Rabbit IgG (H+L) were purchased 
from Beyotime, Beijing, China. The images of 
western blot were visualized with an ECL-
chemiluminescence detection system.

Cell growth, viability, migration and colony for-
mation

CRC cells were cultured for indicated times, 
and viable cells were evaluated by trypan blue 
exclusion staining (Beyotime, Beijing, China) or 
Cell Counting Kit-8 (CCK-8) assay (Selleck 
Chemicals, Houston, Texas, USA) following the 
manufacturers’ protocols. Cell migration and 
colony formation assays were stated in the 
Supplementary Methods.

Xenograft models

Eighteen female BALB/C nude mice (6~8  
weeks old; 20~25 g) were used to establish  
the xenograft models. Mice were randomly 
divided into three groups (shNC group, shO-
TUB2#1 group and shOTUB2#2 group; n = 6 
mice per group), and CRC cells infected with 
indicated lentivirus were subcutaneously in- 
jected into indicated mice (3 × 106 cells per 

mouse). Five days later, the tumor volumes 
were measured with a vernier caliper every 
three days for continuously two weeks. The 
tumor volumes were calculated as follows: V = 
1/2 × (L × W × W). On Day 20, mice were sacri-
ficed and tumors were excised for weighing.

Database analysis

GEPIA matched with TCGA normal and GTEx 
data (http://gepia2.cancer-pku.cn) was used to 
analyze the expression of OTUB2 in colon ade-
nocarcinoma (COAD) and rectum adenocarci-
noma (READ). GEO profiles (GDS5364/ILMN_ 
1799198, GDS5365/ILMN_1799198) were 
used to evaluate the regulatory effects of 
I-BET726 on OTUB2 expression.

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was per-
formed as reported previously [14]. In brief, 
total RNA was extracted by using RNAiso Plus, 
Takara Bio Group, Japan. Then, RNA was 
reversely transcribed into cDNA, and qRT-PCR 
was conducted by using SYBR Green qPCR 
Master Mix (Takara Bio Group, Japan). The 
primers for qRT-PCR (synthesized by GENEWIZ, 
Suzhou, China) were as follows: OTUB2, for-
ward, 5’-ATCCGCAAGACCAAAGGG-3’, reverse, 
5’-CAAAGCCAGCAGCCAGAA-3’; CCND1, for-
ward, 5’-CTCTAAGATGAAGGAGACCAT-3’, rever- 
se, 5’-TTGGAGAGGAAGTGTTCAA-3’; MYC, for-
ward, 5’-CGTCTCCACACATCAGCACAA-3’, rever- 
se, 5’-TCTTGGCAGCAGGATAGTCCTT-3’; GAPDH, 
forward, 5’-GCACCGTCAAGGCTGAGAAC-3’, re- 
verse, 5’-TGGTGAAGACGCCAGTGGA-3’.

Immunohistochemistry

Immunohistochemistry (IHC) was conducted as 
reported previously [6]. The tissue arrays con-
taining 169 CRC tumor tissues and paired 
para-cancerous tissues were used for IHC anal-
ysis, and the case information was shown in 
our previous work [6]. IHC was performed with 
the anti-OTUB2 antibody (Absin, Shanghai, 
China). The staining of OTUB2 in the tissues 
was scored on a semi-quantitative score: 0, 
negative; 1, weak; 2, moderate; 3, strong.

Co-immunoprecipitation

Co-immunoprecipitation (Co-IP) was carried out 
as reported previously [15]. Cells were lysed 
with cell lysis buffer (Beyotime, Beijing, China), 
and whole cell lysates were prepared for incu-



OTUB2 stabilizes β-Catenin in CRC

5385	 Am J Cancer Res 2023;13(11):5382-5393

bating with indicative primary antibodies over-
night at 4°C (anti-Myc-tag and anti-Flag-tag 
antibodies were from Medical & Biological 
Laboratories; anti-β-Catenin antibody was  
from Cell Signaling Technology; anti-OTUB2 
antibody was from Novus Biologicals). Then, 
above mixture was incubated with Protein A/G 
PLUS-Agarose (Santa Cruz Biotechnology, USA) 
for 2 h, followed by washing, denaturation and 
western blot analysis.

Plasmids construction and transfection

The human full-length cDNA sequences of 
OTUB2 and β-Catenin were amplified by PCR 
and cloned into pcDNA3.1 vector with a Flag or 
Myc tag, and the catalytically inactive mutant 
of OTUB2 (C51S) was constructed with a PCR-
based site-directed mutagenesis kit [7]. 
Plasmids were transfected into cells by using 
Lipofectamine®3000 following the manufac-
turer’s protocol (Invitrogen).

Cycloheximide chase assay

Empty vector or Flag-OTUB2 plasmids were 
transfected into HCT116 cells for 24 h. Then, 
cells were incubated with 50 μg/ml cyclohexi-
mide (CHX, Sigma-Aldrich) for indicated times 
(0, 6, 12 h), followed by western blot analysis.

Luciferase assay

The luciferase report genes Top-Flash and Fop-
Flash were received from Addgene, and lucifer-
ase assay was performed by using the Dual-
Luciferase® Reporter Assay System (Promega, 
USA) as described previously [16]. 

Statistical analysis

GraphPad Prism 5 was used to draw pictures 
and analyze data. The Kaplan-Meier method 
and Log-rank test were used for survival analy-
sis. When comparing two groups, the student’s 
t test was used. An ANOVA was used to com-
pare three or more groups. A p value less than 
0.05 was considered to be statistically 
significant.

Results

OTUB2 is required for the growth of colorectal 
cancer

Through high-content screening based on cell 
growth, we found several functional DUBs in 

CRC, including OTUB2 (Figure 1A and 1B). 
Then, OTUB2 was knocked down by shRNAs in 
HCT116 and SW480 cells (Figure 1C), and we 
confirmed that OTUB2 knockdown significantly 
inhibited the growth of CRC cells in both of 
HCT116 and SW480 cells (Figure 1D and 1E). 
In contrast, overexpression of OTUB2 promot- 
ed CRC cell growth (Figure S1). Knockdown of 
OTUB2 also inhibited the migration and colony 
formation of CRC cells (Figure S2). Further- 
more, cell-derived xenografts were establish- 
ed and knockdown of OTUB2 also significantly 
suppressed the tumor growth of CRC in vivo 
(Figure 1F-H). Taken together, these results 
showed that OTUB2 exerted tumor-promoting 
effects in CRC cells.

Elevated OTUB2 predicts a poor prognosis for 
colorectal cancer patients

Subsequently, the expression of OTUB2 was 
analyzed by the public cancer database, and 
the results showed that OTUB2 was significant-
ly upregulated in both of colon adenocarcino- 
ma and rectum adenocarcinoma (Figure 2A). 
Then, twenty pairs of human primary CRC para-
cancerous and cancerous tissues were collect-
ed and prepared for qRT-PCR analysis, and  
the results showed that the mRNA levels of 
OTUB2 were significantly upregulated in CRC 
tumor tissues (Figure 2B). To further confirm 
the expression of OTUB2 in CRC tissues, the tis-
sue arrays containing 169 pairs of CRC para-
cancerous and cancerous tissues were used 
for IHC analysis, and OTUB2 was found elevat-
ed in CRC cancerous tissues (Figure 2C and 
2D; Table S1). Based on the expression levels 
of OTUB2 in CRC tumor tissues, the Kaplan-
Meier survival analysis showed that patients 
with high expression of OTUB2 had a shorter 
overall survival than the patients with low 
expression (Figure 2E). Taken together, these 
results indicated that OTUB2 was elevated in 
CRC and its high expression was involved in the 
poor prognosis of CRC patients.

OTUB2 interacts with β-Catenin in colorectal 
cancer

Our results of western blot revealed a positive 
correlation between OTUB2 protein level and 
β-Catenin protein level in CRC tissues and cell 
lines (Figure 3A-C). The relevant evidence that 
OTUB2 may interact with β-Catenin was also 
observed from the LC-MS/MS results (Figure 
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S3; Table S2). To further confirm the protein 
interaction between OTUB2 and β-Catenin, 
Co-IPs were conducted. As shown in Figure 3D, 
the reciprocal Co-IPs showed that exogenous 
OTUB2 interacted with exogenous β-Catenin. 
Then, CRC cells were also lysed for Co-IPs. As 
shown in Figure 3E and 3F, the reciprocal 
Co-IPs showed that endogenous OTUB2 inter-
acted with endogenous β-Catenin in CRC cells. 
Above results revealed that OTUB2 and 
β-Catenin bound to each other in CRC cells.

OTUB2 stabilizes β-Catenin by reducing its 
poly-ubiquitination

OTUB2 is a deubiquitinating enzyme, so we 
next evaluated whether it could regulate the 

protein expression of β-Catenin. As shown in 
Figure 4A, the western blot analyses showed 
that overexpression of the wild-type OTUB2 
markedly increased the protein expression of 
β-Catenin in a dose-dependent manner, but the 
catalytically inactive mutant of OTUB2 (C51S) 
lost its up-regulatory effect. It was worth noting 
that OTUB2 C51S down-regulated β-Catenin, 
likely through competing the substrate with 
endogenous wild-type OTUB2 in CRC cells 
(Figure 4A). To further confirm whether OTUB2 
regulated the protein stability of β-Catenin,  
CHX chase assay was conducted. As shown in 
Figure 4B and 4C, the CHX chase assay showed 
that OTUB2 overexpression significantly pro-
longed the half-life of β-Catenin protein. Due to 
the ability of β-Catenin to degrade through the 

Figure 1. OTUB2 is required for the growth of colorectal cancer. (A and B) Flow chart of the high-content screen-
ing (A), and the cell growth curves of the candidate OTUB2 after its silencing by using shOTUB2-derived lentivirus 
(lentivirus packaged in a mixed ratio of shOTUB2#1, shOTUB2#2 and shOTUB2#3) (B). (C) Silencing efficiency of 
indicated shRNAs by western blot. (D and E) HCT116 (D) and SW480 (E) cells were infected with indicated shRNAs-
derived lentivirus for indicated times, followed by trypan blue exclusion staining, and cells were counted. (F) Tumor 
growth curves. (G and H) At the end of the animal study, tumors were excised, taken photos (G) and weighed (H). 
*P<0.05, **P<0.01, ***P<0.001; ##P<0.01, ###P<0.001.
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ubiquitin-proteasome system, we next exam-
ined the effect of OTUB2 on its ubiquitination 
level. As shown in Figure 4D, the Co-IP show- 
ed that overexpression of OTUB2 markedly 
reduced the poly-ubiquitination of β-Catenin. 
Taken together, these results indicated that 
OTUB2 stabilized β-Catenin protein through 
inhibiting its poly-ubiquitination.

OTUB2 regulates β-Catenin signaling in 
colorectal cancer cells

Next, the effect of OTUB2 on β-Catenin signal-
ing was further investigated. Firstly, the TCF/
LEF-driven luciferase reporter gene Top-Flash 
(indicating the transcriptional activity of β- 
Catenin) and the negative control Fop-Flash 
were prepared for luciferase assay. As shown  
in Figure 5A, overexpression of OTUB2 sig- 
nificantly enhanced the luciferase activity of 
Top-Flash in CRC cells, but had no effects on 
Fop-Flash. Conversely, knockdown of OTUB2 
downregulated the luciferase activity of Top-
Flash with or without Wnt3a stimulation (Figure 
5B), which further indicated that OTUB2 

mediated Wnt/β-Catenin signaling in CRC cells. 
Meanwhile, western blot was also carried out  
to detect the activation of β-Catenin in CRC 
cells. As shown in Figure 5C, overexpression of 
OTUB2 markedly upregulated the expression of 
phospho-β-Catenin in CRC cells. In contrast, 
knockdown of OTUB2 downregulated the ex- 
pression of phospho-β-Catenin (Figure 5D). To 
further verify the effects of OTUB2 on Wnt/β-
Catenin signaling, qRT-PCR analysis was carri- 
ed out to detect the expression of Wnt-related 
downstream genes, including classical CCND1 
and MYC. Our results of qRT-PCR confirmed 
that knockdown of OTUB2 inhibited the ex- 
pression of CCND1 and MYC in CRC cells 
(Figure 5E and 5F), and overexpression of 
OTUB2 increased the mRNA levels of CCND1 
and MYC (Figure 5G and 5H).

I-BET726 inhibits OTUB2 expression in colorec-
tal cancer cells

From the GEO profiles, OTUB2 was downregu-
lated by the chemical compound I-BET726 
(Figure 6A and 6B). Then, to verify it, CRC cells 

Figure 2. Elevated OTUB2 predicts a poor prognosis for colorectal cancer patients. (A) The expression of OTUB2 in 
colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ) analyzed by GEPIA matched with TCGA normal 
and GTEx data (http://gepia2.cancer-pku.cn). The red boxes represent the tumor tissues; the gray boxes represent 
the normal tissues. *P<0.01. (B) Twenty pairs of para-cancerous and cancerous tissues of colorectal cancer (CRC) 
were prepared for qRT-PCR to detect the mRNA levels of OTUB2. **P<0.01. (C and D) The tissue chips embedding 
169 CRC para-cancerous and cancerous tissues were prepared for immunohistochemical analysis of OTUB2, and 
the immunohistochemical scores were calculated (C). The representative images of immunohistochemistry (D). 
***P<0.001. (E) Survival curve analysis based on immunohistochemistry results.
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were incubated with I-BET726, and qRT-PCR 
analysis was conducted. As shown in Figure  
6C and 6D, the expression of OTUB2 was dra-
matically inhibited by I-BET726 in CRC cells. 
Meanwhile, the viability of CRC cells was also 
inhibited by the treatment of I-BET726 (Figure 
S4). In addition, I-BET726 inhibited the expres-
sion of β-Catenin in CRC cells (Figure 6E), and 
the expression levels of downstream genes 
CCND1 and MYC were also significantly 
downregulated by I-BET726 in a dose-depen- 
dent manner (Figure S5). Interestingly, overex-
pression of OTUB2 or β-Catenin could signifi- 
cantly attenuate the antitumor activity of 
I-BET726 in CRC cells (Figure 6F), which further 
indicated that I-BET726 exerted its anti-CRC 
activity partly by inhibiting OTUB2 (Figure 6G).

Discussion

As the key component of the ubiquitin-protea-
some system, DUBs have been proved to be 

functionally involved in lots of cellular process-
es, and more and more evidences indicate that 
DUBs devote to the development of tumors, 
which suggests that developing inhibitors of 
DUBs could be a novel strategy for the therapy 
of cancers [17, 18]. Although scientists have 
made tremendous efforts in the development 
of DUB inhibitors, the clinical development of 
DUB inhibitors continues to be hindered [19]. 
One reason is the low selectivity of the com-
pound itself; another reason is that our under-
standing of DUBs’ biology is still poor, especial-
ly regarding the specificity of DUBs’ substrate 
proteins [20]. Therefore, identifying functional 
DUBs in specific tumor types and discovering 
their specific substrate proteins are crucial for 
the successful development of DUB inhibitors.

Our previous studies have identified some  
functional DUBs in CRC through a high-content 
screening, and their respective functions and 
possible mechanisms have been reported by 

Figure 3. OTUB2 interacts with β-Catenin in colorectal cancer. (A-C) Five pairs of CRC para-cancerous and cancer-
ous tissues (A) and five CRC cell lines (B) were prepared for western blot against OTUB2, β-Catenin and GAPDH. 
Correlation analysis between OTUB2 and β-Catenin in the tissues and cells were calculated (C). (D) The reciprocal 
co-immunoprecipitation of exogenous OTUB2 and β-Catenin was performed and analyzed by western blot. (E and F) 
HCT116 cells were prepared for reciprocal co-immunoprecipitation of endogenous OTUB2 and β-Catenin.
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us. For example, we reported that the deubiqui-
tinase USP5 promoted CRC cell growth and 
resistance to chemotherapeutics by stabilizing 
TUFM [6]. USP1 was also reported by us to be 
elevated in CRC and inhibiting USP1 sensitized 
CRC cells to DNA-targeting chemotherapeutics, 
which suggested that USP1 was a promising 
target for anti-CRC chemotherapy [14, 21]. We 
also discovered the role of USP47 in CRC che-
motherapy that USP47 attenuated chemother-
apeutic doxorubicin-induced cell pyroptosis 
and apoptosis by deubiquitinating and stabiliz-
ing TCEA3 [15]. Our research object OTUB2 in 
this study was also a potent candidate screened 
out from our previous high-content screening 
[6], and our investigations confirmed that ele-

vated OTUB2 promoted CRC cell growth and 
predicted as a negative index for CRC patients. 
Strikingly, OTUB2 has been recently reported to 
be upregulated in CRC by other researchers, 
which was consistent with our results [8]. 
OTUB2 was also found upregulated in other 
tumors, including NSCLC [7], hepatocellular 
carcinoma [22], gastric cancer [23] and esoph-
ageal squamous cell carcinoma [10]. These 
results further proved that OTUB2 exerted 
tumor-promoting effects in these cancers, and 
targeting OTUB2 could be a promising strategy 
for the therapy of CRC.

Then, our further investigations showed that 
OTUB2 stabilized β-Catenin and participated in 

Figure 4. OTUB2 stabilizes β-Catenin by reducing its poly-ubiquitination. (A) Wild-type and catalytic-site mutated 
OTUB2 plasmids with a Flag tag were transfected into HCT116 and SW480 cells for 48 hours, followed by western 
blot analysis. (B and C) Cycloheximide (CHX) chase assay was performed and detected by western blot (B). Optical 
density was also measured, and statistical analysis was conducted (C). (D) Co-immunoprecipitation (Co-IP) was 
performed to evaluate the ubiquitination of β-Catenin.
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regulating β-Catenin signaling in CRC cells. The 
Wnt/β-Catenin signaling has been regarded as 
a key driver for the carcinogenesis of CRC, and 
β-Catenin is a functional effector molecule of 
the signaling [24, 25]. The post-modification 
and degradation of β-Catenin have been proved 
as the key events of the Wnt signaling and 
involved in the pathogenesis of CRC, suggest-
ing that further understanding the ubiquitina-
tion mechanism of β-Catenin is crucial for the 
development of anti-CRC drugs [26]. Intere- 
stingly, our study showed that OTUB2 interact-
ed with β-Catenin, and stabilized β-Catenin by 
reducing its polyubiquitination, which further 
indicated that suppressing Wnt/β-Catenin sig-
naling by inhibiting OTUB2 may be a useful 
strategy for the treatment of CRC. However, 
recent studies also showed that β-Catenin was 
reported as a substrate for some other DUBs, 
such as USP37 in CRC [27], USP8 in hepato- 
cellular carcinoma [28], and USP4 in CRC [29, 
30]. Therefore, the physiological and/or patho-

logical importance of OTUB2 for β-Catenin is 
still obscure, which will be studied in our future 
work.

Through the GEO database, the chemical com-
pound I-BET726 was found reduce the expres-
sion of OTUB2, and then we confirmed that 
I-BET726 decreased OTUB2 expression in CRC 
cells and exerted its anti-CRC activity by sup-
pressing OTUB2/β-Catenin axis. I-BET726 has 
been reported to be a novel BRD4 inhibitor, and 
potently inhibited cell survival, proliferation and 
migration in skin squamous cell carcinoma 
[31]. I-BET726 was also reported to have anti-
tumor activity in neuroblastoma by inhibiting 
MYCN and BCL-2 expression [32]. However, the 
toxic effect of I-BET726 on CRC cells has not 
been reported yet, and based on our current 
study, we speculate that I-BET726 may also 
exert anti-CRC effects by inhibiting OTUB2, 
whose further investigations will be tested in 
our future work.

Figure 5. OTUB2 regulates β-Catenin signaling in colorectal cancer cells. (A) Top-Flash and Fop-Flash plasmids to-
gether with indicated concentrations of OTUB2 plasmids were transfected into HCT116 cells for 48 hours, followed 
by luciferase assay. (B) HCT116 cells transfected with Top-Flash plasmids were infected with indicative shRNAs-
derived lentivirus or incubated with Wnt3a, followed by luciferase assay. (C and D) HCT116 cells overexpressed 
(C) or silenced with OTUB2 (D) were lysed for western blot. (E and F) HCT116 cells infected with indicated shRNAs-
derived lentivirus were prepared for qRT-PCR analysis to evaluate the mRNA levels of CCND1 (E) and MYC (F). (G 
and H) HCT116 cells were transfected with increasing doses of Flag-OTUB2 plasmids (0, 2, 4 μg) for 48 hours, fol-
lowed by qRT-PCR analysis to evaluate the mRNA levels of CCND1 (G) and MYC (H). *P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001; ##P<0.01, ###P<0.001.
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Figure 6. I-BET726 inhibits OTUB2 expression in colorectal cancer cells. (A) The effect of I-BET726 on MYCN-amplified neuroblastoma cell line CHP-212 (GEO pro-
file: GDS5364/ILMN_1799198). (B) The effect of I-BET726 on non-MYCN-amplified neuroblastoma cell line SK-N-SH (GEO profile: GDS5365/ILMN_1799198). (C 
and D) HCT116 (C) and SW480 (D) cells were incubated with indicated concentrations of I-BET726 for 24 hours, followed by qRT-PCR to detect the mRNA levels of 
OTUB2. (E) HCT116 cells were incubated with indicated concentrations of I-BET726 for 24 hours, followed by western blot analysis. (F) HCT116 cells overexpressed 
OTUB2 or β-catenin were incubated with 2 μM I-BET726 or vehicle for 24 hours, followed by CCK-8 assay to detect the cell viability. (G) Schematic model showing 
that OTUB2 deubiquitinates β-Catenin and mediates β-Catenin signaling in CRC cells, which is abolished by I-BET726 treatment through inhibiting the transcription 
of OTUB2. *P<0.05, **P<0.01, ***P<0.001.
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Conclusion

Our current study presents the potential evi-
dence for an OTUB2-mediated mechanism to 
regulate β-Catenin levels in CRC cells, but the 
precise mechanism that OTUB2 stabilizes 
β-Catenin still needs to be elucidated in our 
future work. Our current limited experiment- 
al results suggest that inhibiting OTUB2-β-
Catenin axis may be a new strategy for the 
treatment of CRC.
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Supplementary methods

Cell migration and colony formation assays

For cell migration, CRC cells infected with shRNA-derived lentivirus in serum-free medium were added 
to the upper compartment of a transwell chamber (Thermo), and medium containing 10% fetal bovine 
serum was added to the lower compartment. Cells were then incubated for 24 hours, and crystal violet 
staining was performed after fixation (Beyotime, Beijing, China). For colony formation assay, CRC cells 
infected with shRNA-derived lentivirus (3000 cells each well) were put into a 6-well plate. Ten days later, 
cells were fixed and stained by crystal violet (Beyotime, Beijing, China).

Figure S1. Overexpression of OTUB2 promotes the cell growth of colorectal cancer. (A and B) HCT116 (A) and 
SW480 (B) cells transfected with OTUB2-overexpressing plasmids Flag-OTUB2 (OTUB2-OE) or empty vector (EV) 
were cultured for indicated times, followed by CCK-8 assay. *P<0.05, **P<0.01, ***P<0.001.

Figure S2. The influences of OTUB2 on the migration and colony formation of colorectal cancer cells. (A and B) 
HCT116 and SW480 cells infected with shRNAs-derived lentivirus were prepared for transwell assay and crystal 
violet staining was performed (A), and statistical analysis was conducted (B). (C and D) HCT116 and SW480 cells 
infected with shRNAs-derived lentivirus were incubated for 10 days, followed by crystal violet staining (C), and sta-
tistical analysis was conducted (D). ****P<0.0001.



OTUB2 stabilizes β-Catenin in CRC

2	

Figure S3. Flow chart of identifying the interacting proteins of OTUB2. OTUB2-overexpressing plasmids were trans-
fected into HCT116 cells for 3 days, and then cells were lysed for Co-IP, followed by LC-MS/MS analysis. 

Table S1. IHC expression of OTUB2

Tissues Cases (N)
Score of OTUB2 expression

p
0 1 2 3

Cancerous 169 7 56 65 41 < 0.0001
Paracancerous 169 85 41 30 13
Stage
    I 13 1 7 2 3
    II 66 5 21 20 20
    III 71 1 26 29 15
    IV 19 0 2 14 3
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Table S2. The analysis result of LC-MS/MS

Hits Protein  
Mass

No. of 
Peptide Sequence Header Link Relative 

Abundance Probability

4 50255.19 9 >sp|P68371|TBB4B_HUMAN Tubulin beta-4B chain OS=Homo sapiens GN=TUBB4B PE=1 SV=1 P68371 3.8% 99.0%

9 76625.48 7 >sp|P19338|NUCL_HUMAN Nucleolin OS=Homo sapiens GN=NCL PE=1 SV=3 P19338 2.7% 99.0%

15 83222.53 5 >sp|P13010|XRCC5_HUMAN X-ray repair cross-complementing protein 5 OS=Homo sapiens GN=XRCC5 PE=1 SV=3 P13010 1.9% 99.0%

18 97067.91 5 >sp|P33991|MCM4_HUMAN DNA replication licensing factor MCM4 OS=Homo sapiens GN=MCM4 PE=1 SV=5 P33991 1.7% 99.0%

19 27423.78 4 >sp|Q96DC9|OTUB2_HUMAN Ubiquitin thioesterase OTUB2 OS=Homo sapiens GN=OTUB2 PE=1 SV=2 Q96DC9 1.7% 99.0%

22 32725.92 4 >sp|P06748|NPM_HUMAN Nucleophosmin OS=Homo sapiens GN=NPM1 PE=1 SV=2 P06748 1.3% 99.0%

24 93800.61 3 >sp|Q14566|MCM6_HUMAN DNA replication licensing factor MCM6 OS=Homo sapiens GN=MCM6 PE=1 SV=1 Q14566 1.1% 99.0%

25 81883.88 3 >sp|P33993|MCM7_HUMAN DNA replication licensing factor MCM7 OS=Homo sapiens GN=MCM7 PE=1 SV=4 P33993 1.1% 99.0%

26 46352.67 3 >sp|P60842|IF4A1_HUMAN Eukaryotic initiation factor 4A-I OS=Homo sapiens GN=EIF4A1 PE=1 SV=1 P60842 1.0% 99.0%

27 61187.5 3 >sp|P10809|CH60_HUMAN 60 kDa heat shock protein, mitochondrial OS=Homo sapiens GN=HSPD1 PE=1 SV=2 P10809 1.0% 99.0%

29 100935.66 3 >sp|Q9H3T2|SEM6C_HUMAN Semaphorin-6C OS=Homo sapiens GN=SEMA6C PE=2 SV=4 Q9H3T2 0.9% 83.5%

30 100877.22 3 >sp|Q13200|PSMD2_HUMAN 26S proteasome non-ATPase regulatory subunit 2 OS=Homo sapiens GN=PSMD2 PE=1 SV=3 Q13200 0.9% 99.0%

31 86453.88 2 >sp|Q01813|PFKAP_HUMAN ATP-dependent 6-phosphofructokinase, platelet type OS=Homo sapiens GN=PFKP PE=1 SV=2 Q01813 0.9% 99.0%

33 91551.17 2 >sp|P25205|MCM3_HUMAN DNA replication licensing factor MCM3 OS=Homo sapiens GN=MCM3 PE=1 SV=3 P25205 0.8% 99.0%

34 49483.49 2 >sp|P31943|HNRH1_HUMAN Heterogeneous nuclear ribonucleoprotein H OS=Homo sapiens GN=HNRNPH1 PE=1 SV=4 P31943 0.8% 98.4%

38 69787.63 2 >sp|O60506|HNRPQ_HUMAN Heterogeneous nuclear ribonucleoprotein Q OS=Homo sapiens GN=SYNCRIP PE=1 SV=2 O60506 0.7% 97.6%

39 102249.42 2 >sp|P56192|SYMC_HUMAN Methionine--tRNA ligase, cytoplasmic OS=Homo sapiens GN=MARS PE=1 SV=2 P56192 0.7% 97.6%

42 58443.86 1 >sp|P40227|TCPZ_HUMAN T-complex protein 1 subunit zeta OS=Homo sapiens GN=CCT6A PE=1 SV=3 P40227 0.6% 94.5%

43 20887.17 2 >sp|Q9H293|IL25_HUMAN Interleukin-25 OS=Homo sapiens GN=IL25 PE=1 SV=1 Q9H293 0.6% 80.7%

46 86069.54 1 >sp|P35222|CTNB1_HUMAN Catenin beta-1 OS=Homo sapiens GN=CTNNB1 PE=1 SV=1 P35222 0.5% 93.8%

47 95678.3 1 >sp|Q12906|ILF3_HUMAN Interleukin enhancer-binding factor 3 OS=Homo sapiens GN=ILF3 PE=1 SV=3 Q12906 0.5% 92.2%

48 111550.25 1 >sp|O14983|AT2A1_HUMAN Sarcoplasmic/endoplasmic reticulum calcium ATPase 1 OS=Homo sapiens GN=ATP2A1 PE=1 SV=1 O14983 0.5% 93.2%

49 71184.27 1 >sp|O43390|HNRPR_HUMAN Heterogeneous nuclear ribonucleoprotein R OS=Homo sapiens GN=HNRNPR PE=1 SV=1 O43390 0.5% 93.6%

51 30569.08 1 >tr|D6RD18|D6RD18_HUMAN Heterogeneous nuclear ribonucleoprotein A/B OS=Homo sapiens GN=HNRNPAB PE=1 SV=1 D6RD18 0.4% 90.8%

52 64196.77 1 >sp|Q9BYE2|TMPSD_HUMAN Transmembrane protease serine 13 OS=Homo sapiens GN=TMPRSS13 PE=2 SV=4 Q9BYE2 0.4% 92.3%

53 117058.97 1 >sp|Q02218|ODO1_HUMAN 2-oxoglutarate dehydrogenase, mitochondrial OS=Homo sapiens GN=OGDH PE=1 SV=3 Q02218 0.4% 91.2%

54 103465.04 1 >sp|Q8N163|CCAR2_HUMAN Cell cycle and apoptosis regulator protein 2 OS=Homo sapiens GN=CCAR2 PE=1 SV=2 Q8N163 0.4% 88.9%

55 70263.05 1 >sp|P54652|HSP72_HUMAN Heat shock-related 70 kDa protein 2 OS=Homo sapiens GN=HSPA2 PE=1 SV=1 P54652 0.4% 88.5%

57 51328.02 1 >tr|A0A087WU33|A0A087WU33_HUMAN SRC kinase-signaling inhibitor 1 (Fragment) OS=Homo sapiens GN=SRCIN1 PE=1 
SV=6

A0A087WU33 0.4% 88.8%

58 234167.75 1 >sp|Q92614|MY18A_HUMAN Unconventional myosin-XVIIIa OS=Homo sapiens GN=MYO18A PE=1 SV=3 Q92614 0.4% 85.4%

61 106795.07 1 >sp|Q99460|PSMD1_HUMAN 26S proteasome non-ATPase regulatory subunit 1 OS=Homo sapiens GN=PSMD1 PE=1 SV=2 Q99460 0.4% 88.5%

63 37654.2 1 >sp|O00303|EIF3F_HUMAN Eukaryotic translation initiation factor 3 subunit F OS=Homo sapiens GN=EIF3F PE=1 SV=1 O00303 0.3% 82.1%

64 18718.73 1 >sp|P23528|COF1_HUMAN Cofilin-1 OS=Homo sapiens GN=CFL1 PE=1 SV=3 P23528 0.3% 81.5%

65 9240.64 1 >tr|F8WE29|F8WE29_HUMAN Target of Myb protein 1 OS=Homo sapiens GN=TOM1 PE=1 SV=1 F8WE29 0.3% 81.2%
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Figure S4. Effects of I-BET726 on cell viability of CRC. (A and B) HCT116 (A) and SW480 (B) cells were incubated 
with indicated concentrations of I-BET726 for 24 hours, followed by CCK-8 assay. ***P<0.001.

Figure S5. Effects of I-BET726 on the expression of CCND1 and MYC in CRC cells. (A and B) HCT116 cells were incu-
bated with indicated concentrations of I-BET726 for 24 hours, followed by qRT-PCR analysis to evaluate the mRNA 
levels of CCND1 (A) and MYC (B). ***P<0.001.


